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Objectives. The aim of this study is to evaluate the functional recovery after Thoracic Outlet Syndrome (TOS) surgery, by
the application of Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire.
Material and methods. This was a prospective study of all patients operated on for TOS from January 1998 to December
2005. The DASH questionnaire was administered pre- and postoperatively. The scores were analysed according to TOS
type, the associated comorbidity and the type of surgery performed. Results were assessed with Wilcoxon Test for contin-
uous variables, and the Fisher Test for categories.
Results. Twenty-three consecutive patients were included in the study, the average age was 37 years (range: 22e54). Four-
teen patients presented with venous TOS and 9 with neurogenic TOS. Patients with venous TOS had a preoperative score
of 14.9 (SD 18.31) and a postoperative score of 14.8 (SD 15.6) (p> 0.05). The preoperative score in patients with neu-
rogenic TOS was 53.96 (SD 15.6) and the postoperative score was 17.8 (SD 15.3) (p¼ 0.01).
Conclusions. DASH questionnaire is a valid and objective test for evaluating the functional state after TOS surgery. Ve-
nous TOS is clinically less incapacitating than neurogenic. Surgically decompression of thoracic outlet leads to significant
benefit in patients with neurogenic TOS.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Thoracic Outlet Syndrome (TOS) occurs as a conse-
quence of compression of the subclavian vessels
and/or brachial plexus through the limited space be-
tween the scalenus muscles, the first rib and the clav-
icle.1,2 This is generally due to a congenital bony
anomaly either because of the presence of a cervical
rib, a prolongation of the C7 transverse process or sec-
ondary to fibrous bands or anomalous muscles. Al-
though in many cases the cause is not identified.3,4
95% of the patients have a neurogenic form, 2% ve-
nous symptoms and only 1% clinical arterial compres-
sion.3 Despite the large amount of published studies,
there remains controversy in terms of the diagnosis
and the best treatment. Surgical management is con-
troversial due to variation in reported success and
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in some studies that use conservative treatment.5e7
Different surgical techniques to decompress the tho-
racic outlet have been described, although none of
them has been demonstrated to be more effective.
As a result the type of procedure and approach de-
pends on the preferences and experience of the
surgeon.2,8
Criteria that define a satisfactory result after sur-
gery are not well established in the majority of pub-
lished studies. The objective of our study is to
evaluate the functional prognosis of surgically treated
TOS patients by applying the DASH questionnaire.
Material and Methods
We carried out a prospective study between January
1998 and December 2005. During this period 23 pa-
tients with TOS were operated on and included in
this study. All patients signed informed consent. The
study was approved by the local Ethics Committee.ar Surgery. Published by Elsevier Ltd. All rights reserved.
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tive data collected included clinical history, symptoms,
employment situation; physical examination with
provocative manoeuvres for thoracic outlet (Adson,
hyperabduction and costoclavicular) and X-rays of
the thorax and spinal column to determine possible
anatomic anomalies. No other routine complementary
tests were done. More specific tests were carried out
depending on the type of TOS.
Echo-doppler and diagnostic venography were
performed on all patients with venous TOS in the
form of primary axillo-subclavian thrombosis. Throm-
bolytic therapy was performed if the evolution time
was not greater than 15 days. Once recannulisation
of the venous segment was achieved, oral anticoagu-
lation was given for three months. The patients who
showed venographic signs of extrinsic compression
were operated on. An echo-doppler was done before
surgery to role out any asymptomatic rethrombosis.
All patients whose symptoms suggested neurogenic
TOS were evaluated by the neurology and traumatol-
ogy departments, to rule out other causes for their
symptoms. Neurophysiological studies were carried
out (electromyography (EMG)), on all the patients
with a suspicion of neurogenic TOS. All patients
with a diagnosis of neurogenic TOS underwent reha-
bilitation treatment for a minimum of six months with
potentiation and relaxation exercises of the different
muscular groups. Patients that did not experience an
improvement after conservative management were
operated on. Within this subgroup two patients with
imaging demonstrated arterial TOS were included,
both patients had associated neurological symptoms.
All patients were operated on under general anaes-
thesia, by a supraclavicular (2/23) or transaxillary ap-
proach (21/23). The anterior scalenus was sectioned
in all the cases preserving the nervous structures.
The first rib was resected in 19 patients, the first rib
and a cervical rib in 3, and in one case a resection of
a cervical rib by means of a supraclavicular approach
was carried out. The postoperative complications
were collected.
In order to measure clinical and functional im-
provement the DASH questionnaire was used. This
was developed by the American Academy of Trauma-
tology, the Institute of Work and Health, and the
Council for the Society of American muscular-skeletal
specialities (http://www.dash.iwh.on.ca/).9e13 The
questionnaire includes 30 questions related to symp-
toms, daily activities, and social and psychological
functions. Scores range from 0 points (asymptomatic)
to 100 (totally invalided). Patients were grouped
according to the score obtained: 0 asymptomatic,
1e25 minor symptoms, 26e50 moderate, 51e75Eur J Vasc Endovasc Surg Vol 35, January 2008serious and 76e100 functional incapacity. The results
were analysed according to the TOS type, the associ-
ated comorbidity and the type of surgery carried
out. We considered improvement in score necessary
for success in treating nTOS. While for vTOS we re-
quired maintenance of score only to consider success,
since the aim of treatment in this subgroup is to avoid
thrombotic recurrence. Therefore, if the patient does
not worsen as a consequence of surgery it is satisfac-
tory. Patients answered the DASH questionnaire pre-
operatively and between the 4the6th months after
surgery. Clinical follow up was carried out 1 month
after surgery and then 6, 12 months and annually. In
case of clinical worsening the questionnaire was
repeated again.
The SPSS packet version 12 was used for statistical
analysis, using univariant analysis by means of the
Wilcoxon Test for continuous variables, and the Fisher
Test for categories. Variables are presented as mean
and standard deviation.
Results
After responding to the DASH questionnaire, 23 pa-
tients (women 73.9%) were entered into the study.
14 patients with venous TOS in the form of axillo-
subclavian venous thrombosis and 9 patients with
neurogenic TOS (two of them had associated arterial
clinical presentations).
The most frequent clinical presentation in the ve-
nous TOS was the appearance of oedema (14/14). In
the patients with neurogenic TOS the usual present-
ing symptom was paresthesias (8/9) that worsened
during physical exercise. No patient from the venous
group had a positive response to manoeuvres of the
thoracic outlet. Seven patients with neurogenic pa-
thology had a positive response to manoeuvres
(77.7%). The most frequent manoeuvres used were
Adson and hyperabduction. Five patients had a his-
tory of physical exercise or trauma prior to the
appearance of the symptoms. 4 patients with venous
TOS presented following weight lifting or effort dur-
ing swimming. The remaining case presented with
a history of deceleration trauma after a traffic acci-
dent. Two patients with neurogenic pathology pre-
sented with severe atrophy of the hypothenar
muscles on physical examination (Table 1).
After radiological studies five cervical ribs were di-
agnosed in four patients. Only two patients had alter-
ations of conduction in the EMG study. Arteriography
demonstrated arterial TOS in 2 patients, with stenosis
of the subclavian artery during hyperabduction ma-
noeuvres. In four patients with neurogenic TOS
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ing in one case a slight profusion of C5eC6 and bilat-
eral transverse processes in another. None of the CT
scans showed any relevant alterations.
There were no major complications after surgery.
One patient developed a haemothorax that needed
evacuation by puncture, without requiring blood
transfusion.
Mean follow-up was 40.4 months (range: 5.5e84.6).
All the patients answered the questionnaire preopera-
tively and between 4e6 months after the intervention.
They were all interviewed personally when asked
about their degree of satisfaction as well as inviting
them to repeat the DASH questionnaire. No patient
presented with clinical changes during follow up after
the second response to the questionnaire, and there-
fore we did not repeat the questionnaire.
95.6% of the patients answered that if they had
found themselves in the same situation again they
would have had surgical intervention. After analysis
of the results of the subjective evaluation of the degree
of satisfaction, only one patient referred to being
worse with respect to their basal state. 10 patients re-
ferred to being better or a lot better after surgery. The
remaining 12 patients, eleven of them with venous
TOS, reported no change (all were asymptomatic be-
fore surgery). The subjective evaluation coincided
with the DASH score and the degree of stratification
in 91.3% of the cases.
The postoperative score in patients with venous
TOS was 14.8 (SD¼ 15.6) and did not differ from their
preoperative score (14.9; SD 18.3) (Figs. 1 and 2).
One patient with venous TOS could not return to
employment because of worse symptoms.
In patients with neurogenic TOS the postoperative
score was 17.8 (SD¼ 15.3), a significant improvement
compared to their preoperative score (53.9; SD 15.6;
p¼ 0.015) (Table 2).
Table 1. Demographic data
vTOS (n¼ 14) nTOS (n¼ 9)
Male 5 1
Non working preop. 2 6
Non working postop. 1 1
Previous Injuries 4 1
Edema 14 2
Paresthesias 1 8
Muscular atrophy 0 2
Paresis 3 6
Manoeuvres þ 0 7
Pain 2 6
vTos: venous thoracic outlet syndrome.
nTOS: neurogenic thoracic outlet syndrome.91.3% of the patients intervened could continue
their same job and same daily activities with complete
normality after TOS surgery without needing analge-
sic medication. 95.6% of the patients were satisfied
after the intervention.
The neurogenic symptoms provoked more preop-
erative sick leave than the venous ( p< 0.05). 66.7%
(6/9) of the patients with neurogenic TOS were on
sick leave due to their symptoms. After the surgery
all returned to their usual employment activities.
One of the patients with neurogenic symptoms did
not return to his usual employment activity after the
decompression despite no change in their symptoms.
Discussion
There are different objectives of surgical treatment for
neurogenic TOS and venous TOS. For neurogenic TOS
the objective is to diminish the symptoms. While in
venous TOS the operative indication is the prevention
of new episodes of deep venous thrombosis. Al-
though neurogenic TOS is the most frequent in the
majority of published series, in our study there was
a greater prevalence of venous TOS (60.9%).3 This
could be due to the diagnostic difficulty that nTOS of-
ten presents, and to the fact that these patients visit
many specialists before seeing the vascular surgeon.
All the patients with venous symptoms that pre-
sented with DVT of the thoracic outlet, were operated
on after thrombolysis, to prevent new thrombotic
events. Other authors suggest a more conservative ap-
proach to venous TOS.14e16 In our series 85.7% of the
operated patients with venous TOS, were satisfied af-
ter the intervention, returning to their previous em-
ployment activities with complete normality. During
follow up no new thrombotic episode were detected.
The application of the questionnaire in this patient
Table 2. Score and subjective evaluation
Subjective evaluation vTOS (n¼ 14) nTOS (n¼ 9)
Much worse 0 0
Worse 1 0
Equal 11 1
Better 1 3
Much better 1 5
Would repite
operation (yes) DASH score
13 9
Preoperatory 14.9 (DE 18.3) 53.9 (DE 15.6)
Postoperatory 14.8 (DE 15.6) 17.8 (DE 15.3)
p< 0.05
vTos: venous thoracic outlet syndrome.
nTOS: neurogenic thoracic outlet syndrome.
DASH score: mean standard deviation.Eur J Vasc Endovasc Surg Vol 35, January 2008
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cal treatment.
The diagnosis and management of neurogenic TOS
is even more controversial.17,18 In our series 77.8% of
the patients were positive to TOS manoeuvres.19 The
presence of a pathological EMG has been correlated
with a lesser functional prognosis after surgery be-
cause of established neuronal damage.4,18 In our
study EMG was carried out on all patients suspected
of neurogenic TOS. In two patients (22.2%) EMG
showed alterations. Both these patients had atrophy
of the thenar musculature, and one of them had no
improvement after thoracic outlet decompression.
Other predictor of poor surgical outcome include
traumatic aetiology and symptoms of depression.17,20
Functional prognosis is the main factor in deter-
mining the outcome of surgery. However most studies
have failed to use an objective measure of out-
come.3,8,17 Multiple questionnaires exist that evaluate
the functionality of the upper extremities, although
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Fig. 1. Preoperatory DASH score. nTOS: neurogenic thoracic
outlet syndrome. vTOS: venous thoracic outlet syndrome.
0
20
40
60
80
100
(
%
)
0 - 25 26 - 50 51 - 75 76 - 100 
DASH score
Postoperatory DASH score
nTOS
vTOS
Fig. 2. Postoperatory DASH score. nTOS: neurogenic tho-
racic outlet syndrome. vTOS: venous thoracic outlet
syndrome.Eur J Vasc Endovasc Surg Vol 35, January 2008none of them have been shown to be superior.21 We
used the DASH questionnaire as its questions encom-
pass a very broad clinical spectrum, and it can also be
used for any pathology related to the upper
extremities.
We observed that for 87.7% of the venous TOS
group the DASH score was not altered after surgery.
The majority of the venous TOS patients were asymp-
tomatic in the pre and the postoperative stages, de-
spite the fact that after analysing the DASH scores,
a large part of them suffered from minor level symp-
toms. The sensitivity of the questionnaire resulted in
many of the patients with venous TOS having score
above 0. For this reason we consider that the func-
tional prognosis after venous TOS surgery is favour-
able as there was no worsening of the basal state in
the majority of patients, and none developed new
thrombosis.
77.8% (7/9) of the patients with neurogenic TOS
had in an improvement in their DASH scale after sur-
gery. The two remaining cases were not altered.
The fact that our study has a small sample means
that there are limitations in generalising our results.
However, we conclude that surgical decompression of
the thoracic outlet leads to good functional mid and
long term recovery. It offers a greater benefit to those
patients with neurological pathology, since the venous
TOS is clinically much less incapacitating. The use of
the questionnaire in this patient sub-group is useful
to demonstrate the low morbility of surgery. The
DASH questionnaire is a valid objective test in evaluat-
ing the functional state after surgery, showing a good
correlationwith the subjective evaluation of thepatient.
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